We h ave iso la ted th e hum an PEG U M EST gene and have in v estig a ted its im p rin tin g sta tu s and parentalspecific m eth ylation . FISH m apping assign ed th e gene to chrom osom e 7q32, an d h om ologou s sequences w ere id en tified on th e sh ort arm o f hum an chrom osom es 3 and 5. T hrough th e u se o f a n ew ly id en tified in tragen ic polymorphism, exp ression analysis revealed that PEGU M E ST is m o n o a llelica lly tran scrib ed in all feta l tissu es exam ined. In tw o in form ative cases, exp ression w as show n to b e confined to th e p a tern a lly derived allele. In con trast to th e m on oallelic ex p ressio n observed in fetal tissu es, b ia llelic ex p ressio n w as evid en t in adult blood lym phocytes. B ia lle lic ex p ressio n in blood is supported by th e d em on stration of PEG1IM EST tran scripts in a lym p h ob lastoid cell lin e w ith m aternal u n i parental disom y 7. The hum an PEG U M EST gen e spans a genom ic region o f ap p roxim ately 13 kb. Sequence analysis o f th e 5' reg io n o f P E G 1/M EST revealed the existen ce o f a 620-bp-long CpG isla n d that exten d s from th e p u ta tiv e p rom oter reg io n in to in tron 1. We dem onstrate th at th is CpG isla n d is m eth ylated in a parent-of-origin-specific m anner. A ll M sp V H p a ll sites w ere unm ethyl ate d on th e a ctiv e patern al a llele but m ethylated on th e in a c tiv e m aternal one.
Im printing is a process by w hich some genes are si lenced in a parent-of-origin-dependent m anner, re sulting in monoallelic expression in th e offspring. The m echanism s underlying genomic im printing and by which p aren tal alleles are distinguished are largely u n known, All im printed genes so far exam ined in more detail contain DNA sequences m ethylated in a p aren tal-specific m anner, suggesting th a t th is epigenetic 1 To whom correspondence should be addressed. Telephone: +49-30-8413-1293. Fax: +49-30-8413-1383. E-Mail: kalscheuer®mpimgberlin-dahlem.mpg.de. process plays an im portant role in regulating im printed gene expression.
Recently, the mouse Pegl gene has been identified in a system atic screen using subtraction hybridization betw een cDNAs from parthenogenetic and sim ilar stage-m atched norm al control mouse embryos (Kaneko-Ishino et al., 1995) . Pegl is expressed from the paternally derived allele only. Subsequent homology search revealed th a t P egl is identical to a previously identified "mesoderm-specific" cDNA (Mest), which m aps to the proximal p a rt of chromosome 6, band B l, a region homologous to the long arm of hum an chromo some 7 (Sado et ah, 1993) . The Pegl/M est gene codes for an enzyme th a t shows significant sim ilarity to the a//?-hydrolase fold family; the precise function is as yet unknown.
Indirect evidence for the existence of at least one m aternally im printed gene on the long arm of hum an chromosome 7 came from the study of patients with m atern al u n ip aren tal disomy 7 (mUPD7; Kotzot et al 1995) . These patients are characterized by intrauterine and postnatal grow th retardation, indicating th a t the lacking paternal contributions for chromosome 7 may account for growth retardation.
Since im printing is generally conserved between mouse and hum ans, w ith the exception of IGF2R and M A S, which are oppositely im printed in the mouse but equally expressed from both parental alleles in hum ans (Barlow et al., 1991; Kalscheuer et a l 1993; Ogawa et aLy 1993; V illar and Pedersen, 1994; Riesewijk et ah9 1996a) , hum an P E G 1/M E ST was suggested as the first candidate im printed gene located on chromosome 7. In th e present study, we have isolated and characterized th e h u m an P E G 1/M E ST gene, m apped it to chromo some 7q32, and found homologous sequences on the short arm of hum an chromosomes 3 and 5. We d eter m ined th e im printing statu s of PEG 1/M EST by m aking use of a newly identified intragenic single nucleotide deletion/insertion polymorphism. Sequencing of RT-PCR products revealed monoallelic expression in all PARENT-SPECIFIC METHYLATION OF THE IMPRINTED PEGUMEST GENE 2 3 7 fetal tissues examined. In two inform ative cases, ex pression was found to be confined to th e paternally derived allele, as in the mouse. Southern blot analysis of the 5' CpG island of PEG U M EST dem onstrated parent-of-origin-specific m ethylation.
MATERIALS AND METHODS
Library screening. Arrayed human fetal cDNA libraries (lung and liver), a chromosome 7-specific cosmid library, and a human PAC library were screened with a mouse Pegl/Mest RT-PCR product of 993 bp amplified with primer set P eglf and Peglr (GAGATCGCT-TGCGCAGGAT, 258-276; AGGAGTTGATGAAGCCC ATA, 1250-1231; Accession No. D16262). DNA of the positive clones was pre pared according to standard procedures (Sambrook et al., 1989) .
RT-PCR and sequence analysis. All reverse transcription reac tions were performed exactly as described previously (Kalscheuer et al, 1993) .
For PEGlfMEST polymorphism and expression analysis, reverse transcribed cDNAs and genomic DNAs were amplified with primer set 4 and 10 (TGTGCTATTAGGAAATTCTGA, 1473-1493; GAC-TCAGCTCTGTGTTGC, 1716-1699; Accession No. Y11534) under the following conditions: initial denaturation for 3 min at 95°C; 1 min at 94°C, 1 min at 57°C, and 1.5 min at 72°C for 30 cycles; elonga tion for 7 min at 72°C. Single-strand conformational polymorphism (SSCP) analysis was performed under standard conditions (Orita et al., 1989) . For each RT-PCR experiment, a control reaction without addition of reverse transcriptase was performed in parallel. Prior to sequencing, PCR and RT-PCR products were cut out of the agarose gel and purified using the Quiaquick gel extraction kit (Qiagen). Sequencing was performed with primer 4, PEGUMEST cDNA clone (ICRFp507M19178Qll) and part of the 4,3-kb Hindlll subclone, which contains the genomic 5' region of the PEGlfMEST gene, were sequenced with T7, T3, and gene-specific primers. All reactions were performed using the Taq DyeDeoxy ter minator cycle sequencing kit (Applied Biosystems), and reactions were analyzed on an ABI 377 automated sequencer.
Northern blot analysis. The Clontech multiple tissue Northern blot was hybridized with the PEGUMEST cDNA clone (ICRFp507-M19178Q11) according to the GeneScreen Plus protocol. Final wash was in 0.1X SSPE at room temperature for 15 min.
Southern blot and methylation analysis. DNAs were digested with the appropriate restriction enzymes, and the fragments were separated by agarose gel electrophoresis, transferred to GeneScreen Plus membranes, and hybridized under standard conditions. Methyl ation analysis of genomic DNAs from tissues and blood digested with {Hindlll + MspT) or {Hindlll -I-Hpall) was performed exactly as described previously (Riesewijk et a l} 1996b), Uniparental disomy was confirmed for all cases included in our study (J. Kere et al., unpublished; Htiglund et al, 1994; Kotzot et al., 1995) .
The 4.3-kb Hindlll fragment containing the 57 region of the PEGU MEST gene was subcloned into pT7T318U (Pharmacia). Amplifica tion of the 5' region of PEGUMEST was performed with primer set 15 and 16 (CACCTCCTCTGCGGCAGC, 493-510; ATCTCGGCG-CACCATGGCC, 693-711; Accession No. Y10620) in lx RT-buffer (Kalscheuer et al., 1993) , 1 mM MgCl2, 3.4% formamide, and 10% glycerol under the following conditions: initial denaturation for 5 min at 95°C followed by 35 cycles of 1 min at 94°C, 2 min at 60°C, and 2 min at 72°C. The 3' PEGUMEST probe was generated by RT-PCR on total liver RNA with primer set 4 and 6 (TGTGCTATT AGGAAATTCTGA, 1473-1493; AAAC ACTTATTC CAGTTTCAAAG, 2429-2407; Accession No. Y11534). Amplification was carried out for 35 cycles in I X RT-buffer, 3 mM MgCl2 at 94°C for 1 min, 57°C for 2 min, and 72°C for 3 min. For Southern hybridizations, DNA inserts were labeled by random priming in the presence o f [a*-32P]-dCTP (Amersham, England). Hybridizations were performed at 55 or 65°C. Washing was at hybridization temperature in 2X SSC/0.1% SDS (2 X 10 min) followed by l x SSC/0.1% SDS for 15 min and O.lx SSC/0.1% SDS for 15 min. Autoradiograms were exposed for 16 h to 1 week.
Chromosomal mapping by FISH. DOP-PCR (degenerated oligoprimed PCR) products from PAC DNA were prepared according to Telenius et al (1992) . FISH experiments were performed as de scribed by Suijkerbuijk et al. (1993) . RESULTS 
Sequence, Homology A n a lysis, a n d M apping o f the H u m a n PEG1 / M E S T Gene
A cDNA clone (IC R Fp507M 19178Q ll) of th e hum an P E G U M E ST gene w as isolated from a fetal cDNA li brary, and N o rth ern blot hybridization showed th a t th e in sert represents th e entire mRNA (not shown). Se quencing of th e 2470-bp in se rt showed th a t our clone is identical to the P E G U M E S T cDNA described by Nishita et al. (1996; Accession No. D78611) , except for two thym idine residues in th e 5' u n tra n sla te d region (T88 and T98), which were* ab sen t in our cDNA se quence, and four base changes in th e open reading fram e (A591-KJ, G593-+A, G634-+A, an d A726->T).
These changes re su lt in th e su b stitu tio n of two nonhomologous amino acids into two resid u es identical to those of the mouse protein. Sequence com parison of th e hum an P E G l/M E S T cDNA and its m ouse counterpart w ith th e program BESTFIT displayed 84% homology for th e entire sequence and 91% for th e coding region, and amino acid sequence com parison w ith th e program BLASTN dem onstrated 98% identity.
To characterize th e hum an P E G U M E S T gene in more detail, cosmids were isolated (ICRFcll3M 1711Q 4, K 2 4 6 Q 4 , and G0353Q4), and restriction digestion w ith EcoRl or H in d lll, followed by S outhern hybridization w ith cosmid G0353Q4, dem onstrated th a t they mostly overlapped. FISH m apping of cosmid G0353Q4 assigned th e hum an P E G U M E ST gene to chromosome 7q32, thereby confirming th e resu lts of N ish ita et al. (1996) .
Subsequently, .EcoRI-digested genomic and cosmid DNAs were subjected to S o u th ern blot hybridization w ith P E G U M E ST cDNA. Surprisingly, eight EcoRI fragm ents (8.7, 6.2, 4.0, 2.65, 2.3, 1.7, 1.05, and 0.6 kb) were detected in genomic DNA w hile cosmid DNA lacked th ree of th em (6.2, 2.65, a n d 2.3 kb) (not shown), A ttem pts were therefore m ade to isolate PAC clones from th is region. Screening of a PAC lib rary w ith th e same P E G U M E S T cDNA revealed 10 individual PAC clones, and S outhern hybridization of EcoRI-digested PAC DNA w ith th e P E G U M E S T cDNA resu lted in hy bridization p attern s, allowing u s to subgroup the PAC clones into three categories, O ne subgroup of PAC clones (LLNLP704G0495Q13, H10144Q13, and M10128-Q13) showed positive EcoHI frag m en ts previously found in all cosmids, indicating th a t th ese harbor the P E G U M E ST gene. These re su lts w ere confirmed by FISH m apping of DOP-PCR products of 1 of these PAC clones to chromosome 7q32. Subcloning and sequencing of EcoRI-digested cosmid fragm ents th a t hybridized to PCR products generated from th e 5' and 3' ends of th e hum an P E G 1/M E ST cDNA dem onstrated th a t the cosmids contain th e complete hum an PEG 1/M EST gene, spanning a genomic region of approximately 13 kb. The presence of additional EcoRl fragm ents in ge nomic DNA th a t were absent in th e PEG 1/M EST cosm id and PAC clones pointed to th e existence of PEGU M E S T -related sequences elsewhere in the hum an ge nome. This is in line w ith th e finding th a t two groups of PAC clones th a t had been identified w ith PEG U M E S T as a probe could not be accomodated w ithin the P E G 1/M E ST cosmid and PAC contig. FISH m apping of DOP-PCR products of 1 PAC clone from each category dem onstrated specific signals on th e short arm of h u m an chromosomes 3 and 5, respectively.
To isolate and characterize th e 5' end of the hum an P E G 1/M E ST gene, a PCR product of 219 bp (primer set 15 and 16), com prising p a rt of th e promoter region and exon 1, w as hybridized to EcoRI-digested cosmid DNA. A positive fragm ent of 8.7 kb was identified and subcloned following digestion w ith H in d lll. P artial se quencing of a 4.3-kb H in d III clone revealed a high G+C content of 72% in th e 5' region of th e gene and a high frequency of CpG dinucleotides, indicating the pres ence of a 620-bp-long CpG island, which includes the prom oter region and exon 1 and extends into intron 1 (Fig.l) . This region contains four SP1 binding se quences (GGGCGG) b u t lacks TATA and CCAAT boxes. Sequence analysis revealed th e presence of an im per fect direct rep eat of 20 bp arranged in tandem ( Fig.lA) .
Monoallelic and Biallelic Expression o f the H um an PEG11 M E S T Gene
To distinguish betw een patern ally and m aternally derived alleles and to determ ine th e im printing statu s of the h u m an P E G l/M E S T gene, we searched for a polymorphism using SSCP and sequence analysis w ith several sets of prim ers encom passing the 3' end of the gene. In a DNA fragm ent of 244 bp, amplified with prim er set 4 and 10, a single nucleotide deletion/inser tion polym orphism was identified, resulting in a stretch of 7 or 8 thym idine nucleotides. Of 14 first and second trim ester fetuses, 4 were found to be heterozygous for th is polymorphism. Subsequently, RT-PCR was per formed on to tal RNA from various tissues of these fe tuses, including brain, skeletal muscle, kidney, adre nal, tongue, h eart, skin, and placenta. Sequencing of th e amplified cDNAs revealed monoallelic expression for all fetal RNAs exam ined ( Fig. 2A) . In two inform a tive cases, expression of P E G l/M E S T was shown to be confined to the p atern ally derived allele (Fig. 2B) , The same polym orphism w as used to study expression of P E G l/M E S T in ad u lt blood lymphocytes. Interestingly, in all three heterozygous sam ples investigated, tra n scripts from both p a re n ta l alleles were found (Fig. 2C ). To explore th e possibility of biallelic expression, we extended our analysis to total RNA isolated from a lymphoblastoid cell line from a patient with mUPD7, In th is cell line P E G l/M E S T transcripts were present, supporting our previous observation of biallelic expres sion in blood. All RNAs were treated with DNase I prior to reverse transcription. To detect possible DNA contam ination, in each experiment, half of the RNA sam ple was subjected to RT-PCR w ithout the addition of reverse transcriptase. These controls were negative in all samples examined.
M éthylation A nalysis o f the H um an P E G l/M E S T Gene
To determ ine the m éthylation status of the Mspl/ H p a ll sites in the CpG island of the hum an PEGU M E S T gene, we performed Southern hybridizations of (H ind ill + M spl)-and (iZmdlll + ffpalD-digested ge nomic DNAs from adult intestine, cerebellum, stomach, liver, lung, and blood lymphocytes with the 4.3-kb Hmdlll fragm ent, which encompasses the CpG island, exon 1, and p a rt of intron 1 (Fig. 3A) . (iZmdlll + Mspl)digested DNA showed positive fragm ents of 2.3, 0.65, 0.45, 0.3, and 0.23 kb. Because of th eir small size, a few fragm ents could not be detected, (ffi/idlll + H paIDdigested DNA resulted in a sim ilar banding pattern w ith two additional fragm ents of 4.3 and 2 kb. The presence of the 4.3-kb fragment, which was observed in all DNA samples, indicates th a t p a rt of the genomic DNA is completely m ethylated in this region and there fore undigested by H pall. The fragm ent of 2 kb, which contains th e complete CpG island, was prom inent in lung and blood, m uch fainter in stomach and liver, and nearly undetectable in cerebellum. Obviously, the de gree of m éthylation of this particular M spl/H pall rec ognition site (Fig. 3A, arrow) varies between tissues while all other M spl/H pall sites in the CpG island and its proxim ity are completely m ethylated and therefore resistan t to digestion (Fig. 3C) .
Com pared to the M spl fragm ents, the H p a ll frag m ents of 0.65, 0.45, 0.3, and 0.23 kb were much fainter. Quantification of th e intensities by the program Im-ageQ uant showed th a t radioactivity was approxi m ately 50% lower, indicating th a t 50% of these restric tion sites are m ethylated and resistan t to H p a ll diges tion and 50% are unm ethylated and therefore digested.
S outhern hybridization of (H in d lll + M spl)-and (H in d lll + I2paII)-digested fetal DNA derived from brain, liver, chorionic villi, placenta, and control DNA from adult blood lymphocytes was performed w ith a N a rl probe of 545 bp, encompassing p art of th e CpG island (Fig. 1, position 15-561) . The hybridization p at tern dem onstrated th a t in fetal tissues too, 50% of the M sp l/H p a ll sites are unm ethylated and 50% are m eth ylated (not shown). from adult brain, stomach, liver, lung,  and blood lymphocytes (the upper part shows a short exposure time and the lower part a longer exposure time of the same blot) and is reduced to 2.3, 0.65, 0.45, 0.3, and 0.23 kb following digestion with Mspl. Because of  their small size, a few fragments could not be detected. The 4. H pall digestion, fragments  of 0.65, 0,45, 0.3, and 0 .23 kb are absent in mUPD7 DNA but present in pUPD7 and control DNA. Absence of these fragments in maternal DNA and the dosage effect of paternal DNA in comparison to control DNA indicates specific méthylation of the maternal allele.
. A 4.3-kb fragment is seen after digestion with Hindlll

3-kb Hindlll fragment was digested to approximately 50% by the méthylationsensitive isochizomer H pall} indicating partial or monoparental méthylation at these sites. In contrast to the M spl digestions, a fragment of 2 kb, prominent in lung and blood, less intense in stomach and liver, and nearly undetectable in cerebellum DNA, is present, indicating tissue-specific méthylation of one particular Mspl/Hpall site (arrow). (D) Southern blot analysis of H m dlll, (Hindlll + Mspl)-, or (Hindlll + Hpall)-digested genomic DNA from peripheral blood leukocytes of patients with mUPD7 and pUPD7 and a normal control, probed with the 4.3-kb Hindlll fragment. Mspl digests of control and patient DNA show the same banding pattern. Following
of allele-specific DNA méthylation on the silenced ma ternally derived allele. To study this, blood DNA from three patients with mUPD7 and one patient with pUPD7 was digested with (ffm dlll + Mspl) or CHmdlll + Hpall) under the same conditions. Following South ern blot analysis with the 4.3-kb H in d lll probe, M spldigested DNAs showed the same banding pattern as control blood DNAs (Fig. 3D) , iïpall-digested mUPD7 DNAs showed fragments of 4.3 and 2 kb. In contrast to the control DNAs, the smaller fragments of 0.65, 0.45, and 0.3 kb were absent in all mUPD7 DNAs and of identical intensity compared with the respective Mspl fragments in pUPDV DNA. Our méthylation analysis clearly demonstrates th at the m aternal M spl/H pall sites of this CpG island are completely methylated and therefore not digested by H pall, whereas the respective paternal sites are unmethylated.
In summary, our methylation analysis of the 5' CpG island of the hum an PEG 1/M EST gene demonstrates parent-of-origin-specific methylation in fetal and adult DNAs with the paternal allele being unmethylated and the m aternal allele being methylated.
DISCUSSION
In this study we report th a t the hum an PEG1/M EST gene is imprinted and contains a CpG island that is methylated in a parent-of-origin-specific manner, with the active paternal allele being unmethylated and the inactive m aternal allele being methylated.
The imprinted mouse Pegl/M est gene was identified in a systematic screen using subtraction hybridization with cDNAs from parthenogenetic and control embryos (Kaneko-Ishino et al., 1995) . Subsequent homology search revealed th at Pegl was identical to the pre viously identified mesoderm-specific cDNA Mest (Sado et al., 1993) . During our studies, the Pegl/Mest homolo gous hum an cDNA (PEG1/MEST) was isolated and mapped to chromosome 7q32. Expression analysis of a hydatidiform mole, which is mostly paternal in origin, and dermoid cysts, which are mostly maternal in ori gin, demonstrated th a t PEG 1/M EST is abundantly ex pressed in moles but scarcely in dermoid cysts (Nishita et al., 1996) . This observation is in good agreement with our results which provide clear evidence th at the hum an PEG 1/M EST gene is imprinted. In our ap proach to isolate the hum an PEG 1/M EST gene we have identified homologous sequences on the short arm of hum an chromosomes 3 and 5. At present it is unknown whether these cross-hybridizing sequences are ex pressed and if so, w hether they are subject to im printing, too.
A newly identified single nucleotide insertion/deletion polymorphism in the 3' UTR of the hum an PEGU M E S T gene enabled us to study allelic expression in a series of fetal tissues and adult blood lymphocytes. Monoallelic expression of PEG 1/M EST was observed in all fetal tissues examined, including brain, skeletal muscle, kidney, adrenal, tongue, heart, skin, and pla centa. In two informative cases, we could show that PEG 1/M EST expression is confined to the paternally derived allele. In contrast to the monoallelic expression observed in fetal tissues, biallelic expression was evi dent in adult blood lymphocytes of all three heterozy gous individuals. In addition, we have demonstrated the presence of PEG 1/M EST transcripts in a lymphoblastoid cell line of a patient with mUPD7, which is in keeping with our finding th a t this gene is expressed in adult blood lymphocytes. The imprinting status of human PEG 1/M EST in fetal blood lymphocytes is cur rently unknown, and it rem ains to be elucidated whether in hum ans the im print is lost at some time during development or whether imprinting is not es tablished in these cells. Interestingly, it has been shown recently th at in contrast to the human PEGU MEST gene, the mouse gene is only expressed from the paternal allele in both fetal and adult blood (M. Reule and R. Fundele, Berlin, pers. comm., March 1997) . On the basis of this observation, it is most likely that in humans, PEG1 /M E ST imprinting in blood lymphocytes is lost during development. It is becoming increasingly apparent that imprinted genes do not necessarily re press one parental locus in all tissues, and our results indicate th at this is also true for the human PEGU M E S T gene. Tissue-specific escape or relaxation of im printing was previously observed for the IGF2 gene in adult liver (Kalscheuer et aL} 1993) , fetal choroid plexus, and leptomeninges (Ohlsson et al., 1994) and for H19 in placenta. Human H19 is biallelically ex pressed in the placenta at an early stage, which con trasts with consistent monoallelic expression in the mouse placenta (Jinno et al., 1995; Tremblay et a l, 1995) .
The human P E G l/M E ST gene spans a genomic re gion of approximately 13 kb. Sequence analysis of the 5' end revealed the presence of a CpG island, spanning the promoter region, exon 1, and part of intron 1. Three imperfect direct repeats of 20 bp, arranged in tandem, have been identified upstream from this CpG island. Direct repeats have been found in most imprinted genes analyzed to date and are also evolutionarily con served (Neumann et a l, 1995) , thus, the human PEGU M E S T gene shares this probably important feature of imprinted DNA sequences, too. Our methylation stud ies of the 5' region of PEGl/MEST, including the CpG island, revealed th at it is methylated in a parent-oforigin-specific manner with hypomethylation of the pa ternal allele and hypermethylation of the maternal al lele in all tissues examined. We suggest that the ob served DNA methylation is involved in the silencing of the maternally derived PEG1/MEST allele. Interest ingly, however, this parent-of-origin-specific methyla tion does not parallel the PEG1/MEST expression pat tern in all tissues examined. In fetal tissues, PEGU M E S T is monoallelically expressed from the paternally derived allele. Despite the biallelic expression of PEGU M E S T in adult blood lymphocytes, specific DNA meth ylation of the maternally derived allele was identical to th at of adult and fetal tissues. From our results, it is most likely th at methylation at all H pall sites in the putative promoter region is not sufficient to completely silence the maternally derived PEG1/MEST allele in blood lymphocytes. We cannot determine from the pres ent data whether there are specific CpGs, which are unmethylated on this allele in blood lymphocytes, or whether lymphocyte-specific transcription factors allowing transcription of the methylated maternally derived allele are involved. On the other hand, an alter nate promoter th at is regulated differently and that escapes imprinting in blood lymphocytes could be re PARENT-SPECIFIC METHYLATION OF THE IMPRINTED PEGHMEST GENE 2 4 3 sponsible. A well-known example of regulation by im printing in development by alternate promoter usage is the IGF2 gene. The P I promoter is located more than 20 kb upstream of the 5' CpG island and appears to escape imprinting in several adult tissues (Vu and Hoffman, 1994; Ekstrom et al., 1995) .
In summary, the results presented here show that the human P E G l/M E ST gene is imprinted and th at it contains a CpG island th at is differentially methylated on maternally and paternally derived chromosomes. Our finding of a paternally expressed gene on hum an chromosome 7q32 is interesting in two respects. First, there is strong evidence for the existence of at least one maternally imprinted gene on the long arm of chromo some 7 th at controls intrauterine and postnatal growth. M aternal UPD for human chromosome 7 was found in 3 patients of short stature (Spence et al., 1989; Voss et al., 1989; Spotila et al., 1992) , and mUPD for the long arm of chromosome 7 and pUPD7 for the short arm were found in 1 patient with short stature (Eggerding et al., 1994) . In addition, a sytematic study of pa tients with either Silver-Russell syndrome or primor dial growth retardation revealed mUPD7 in 4 of the 35 patients investigated (Kotzot et a l 1995) . These findings contrast with normal growth observed in 1 known patient with pUPD7 (Hoglund et al., 1994) . Hitherto it is unclear whether PEG1IM EST plays a role in growth or another yet unidentified paternally expressed imprinted gene of chromosome 7 is involved. In the mouse, m aternal duplication of the proximal re gion of chromosome 6 is lethal in embryogenesis, possibly because of deficient Pegl/Mest expression. In con trast, paternal duplication of the proximal region of chromosome 6 is viable, suggesting th at the excess gene dosage for Pegl/Mest, or of any other im printed gene in this region, has no detectable influence on development (Cattanach and Beechey, 1990; Beechey and Cattanach, 1995; Kaneko-Ishino et al., 1995) . Second, Pérez Jurado et al. (1996) determined the parental origin of a deletion found in patients with Williams syndrome, a neurodevelopmental disorder in volving growth retardation. A significant correlation between more severe growth retardation of postnatal onset among patients with maternal deletion of part of chromosomal band 7qll.23 compared to those with paternal deletion was observed. The authors suggested that a yet unidentified paternally im printed gene might be involved. A single patient with paternal isodi somy for chromosome 7 has been reported to date (Hog lund et al., 1994) . As this patient has normal stature, it is likely that, as in the mouse, paternal disomy for chromosome 7 has no phenotypic effect on growth. The existence of a paternally imprinted gene on hum an chromosome 7 remains to be elucidated.
There is good evidence th at imprinted genes are clus tered in chromosomal regions. Human chromosome 11 harbors several imprinted genes; some are expressed from the same parental allele, others from the opposite allele. Similarly, the Prader-W illi syndrome/Angelman syndrome region of hum an chromosome 15 contains a cluster of imprinted genes, but in contrast to chromo some 11, all yet identified monoallelically expressed transcripts are exclusively paternal in origin. In addi tion, the region is predicted to contain at least one other gene th at is only expressed from the m aternal allele. In this respect, it is tempting to speculate th a t on hum an chromosome 7 too, imprinted genes may be clustered. A systematic search for imprinted genes in the vicinity of PEG 1/M EST is in progress.
